A model for the importance of zinc in the dynamics of human sperm chromatin stabilization after ejaculation in relation to sperm DNA vulnerability.
The focus of this review is the dual functions of the sperm chromatin stabilization and how external factors can interfere with these functions. Zinc depletion after ejaculation allows for rapid and total sperm chromatin decondensation without addition of exogenous disulfide cleaving agents. Zinc depletion without concomitant repulsion of chromatin fibers induces another type of stability that requires exogenous disulfide cleaving agents to allow decondensation. It is essential to extend the present concept, that the sperm chromatin stability is based on disulfide bridges only, to include also the functions of Zn(2+). It is suggested that the chromatin stability of the ejaculated human spermatozoon is rapidly reversible due to the dual function of Zn(2+) that stabilizes the structure and prevents the formation of excess disulfide bridges by a single mechanism: the formation of zinc bridges involving protamine thiols of cysteine and potentially also imidazole groups of histidine. Extraction of zinc from the freshly ejaculated spermatozoon allows two totally different biological results: (1) immediate decondensation if chromatin fibers concomitantly are induced to repel (e.g., through phosphorylation in the ooplasm) and (2) thiols freed from Zn(2+) are available to form disulfide bridges creating a superstabilized chromatin. Spermatozoa in the zinc rich prostatic fluid (in first ejaculated fraction) represent physiology. Extraction of chromatin zinc can be caused by unphysiological exposure of spermatozoa to the zinc chelating and oxidative seminal vesicular fluid, a situation common to most assisted reproductive techniques (ART) laboratories where the entire ejaculate is collected into a single container in which spermatozoa and secretions are mixed during at least 30 min. Some men in infertile couples have low content of sperm chromatin zinc due to loss of zinc during ejaculation and liquefaction. Tests for sperm DNA integrity may give false negative results due to decreased access for the assay to the DNA in superstabilized chromatin.